Expression of human MacroD1:
Human MacroD1 cDNA was amplified by PCR before insertion into the N-terminal His-tag containing vector pET-28a+ (Novagen) by BamHI and NdeI restriction digestion and subsequent ligation. The MacroD1/pET-28a+ construct was then transformed into NEB5-α competent cells (New England Biolabs) and harvested DNA was sent for sequence analysis confirming the correct sequence for 6xHis-MacroD1. The confirmed plasmid construct was transformed into BL21(DE3) competent cells (Novagen) for expression in LB media containing 30 µg/mL of Kanamycin at 37°C and allowed to reach an OD 600 of 0.7. Protein expression was induced with the addition of a 200 μM concentration of isopropyl β-D-1-thiogalactopyranoside, and culture allowed to incubate for an additional 18 hours at 23°C. Cells were then collected by centrifugation and resuspended in 40 mL of lysis buffer (50 mM Tris-HCl pH 8.00, 250 mM NaCl, 1 mM β-mercaptoethanol, 0.2 mM phenyl-methylsulfonyl fluoride protease inhibitor). Cells were lysed by double-passage through a French press at 10,000 psi and centrifuged for 30 minutes at 4°C to remove cell debris. Imidazole (10 mM) was added to the lysate to prevent non-specific binding before a 1 hour, 4°C incubation with 4 mL of equilibrated Ni-NTA resin. The loaded resin was then washed with lysis buffer, and protein eluted with a 50 to 250 mM gradient of imidazole, collected in fractions. Eluent was analyzed by SDS-PAGE to confirm correct molecular weight and purity. Pure fractions were pooled, concentrated and dialyzed in buffer (50 mM Tris-HCl pH 8.00, 25 mM NaCl, 3 mM dithiothreitol, 10% glycerol) before being aliquoted and stored at -80°C.
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Synthesis of 5-and 2-labeled OAADPr
Labeled NAD + was synthesized and purified before undergoing the above enzymatic synthesis of the target OAADPr. To synthesize NAD + from labeled glucose or ribose, 300 mM sodium chloride, 100 mM potassium chloride, 20 mM magnesium chloride, 100 mM sodium phosphate buffer pH 7.5, 50 mM glycine buffer pH 6.0, 5 mM dithiothreitol, 2.5 mM adenosine triphosphate, 20 mM phosphoenol pyruvate, 3 mM nicotinamide dinucleotide phosphate, 2 mM nicotinamide, 125 µCi of 6-[ ]-ribose), 1 U hexokinase (HK), 5 U pyruvate kinase (PK), 4 U glucose-6-phosphate dehydrogenase (GP6DH), 5 U pyrophosphatase (PPase), 50 U myokinase (MK), 1 U 6-phospoglucodehydrogenase (6-PGDH), 10 U phosphoribo isomerase (PRI), 4 U PRPP synthase (PRPPase), 1 µM nicotinamide mononucleotide adenylyltransferase (NMNAT), and 20 µM nicotinamide phosphoribosyltransferase (NAMPT) were placed in the reaction solution (HK, G6PDH, 6-PGDH, PRI, and NADP + were omitted and 20 U of ribokinase (RK) were included for synthesis when starting from 2- 18 O]-OAADPr, as described above, and its identity confirmed by mass spectrometry ( Figure S1 ).
Steady-State kinetic analysis of MacroD1:
Steady-state parameters were determined under initial rate conditions for MacroD1 at pH 6.8 by HPLC based assays. All assays contained 100 mM Tris-HCl or sodium phosphate at pH 6.8, 1 µM MD1 enzyme, and various concentrations of OAADPr ranging from 50-2000 µM. Samples were incubated at ambient temperature for 30 minutes, followed by quenching with trifluoroacetic acid to a 1% v/v concentration before flash-freezing in an ethanol/dry-ice bath. Samples were stored at -80°C until HPLC analysis could be performed; turnover was determined by HPLC peak area integration at an absorption wavelength of 260 nm for OAADPr and ADPr.
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Methanolysis Assay:
Triplicate assays containing 5% methanol and 2 mM OAADPr were incubated with 1 µM MacroD1 for 60 minutes at pH 6.8 in 100 mM sodium phosphate. Samples were then subjected to mass spectrometry analysis to detect 1-methoxy-ADPr, the putative product of MacroD1 methanolysis, if the reaction occurs through an oxyanion mechanism. A methoxy species would be expected at a 1 : 1.2 (ADPr : methoxy-ADPr) ratio versus ADPr.
Methoxy-ADPr [M-H]
-m/z=572.09 and ADPr [M-H] -m/z=558.06.
Measurement of forward commitment:
Forward commitment for the ester hydrolysis of OAADPr was determined by the isotope trapping method. µL of a 110 mM cold OAADPr solution pH 6.8, a 1000 : 1 ratio of unlabeled to labeled substrate. Aliquots of the reaction were taken and quenched with 10% TFA every 30 seconds for 5 minutes following the pulse-chase. Samples were loaded onto Extract-clean SPE Carbo 150 mg/4 mL charcoal columns (W.R. Grace & Co.) pre-equilibrated with 250 mM sodium acetate pH 6.0, and washed with 4 mL of acetate buffer to isolate any labeled 1-[ 3 H]-acetate product. Samples were dried under reduced pressure, dissolved in 100 µL water and 10 mL scintillation fluid and counted for 10 minutes. A control experiment was run in similar fashion but with the omission of MacroD1. Data was collected in duplicate experiments and used to determine C f as described previously.
35 The C f value is mandatory to extract the intrinsic KIE values from the experimental observed KIE. These KIEs are essential for comparison with computationally derived values. S 3. Stability of OAADPr over time at pH 6.8. Samples were incubated at ambient temperature for 0, 30, or 60 minutes (green, black, and blue respectively). There was no significant difference between the samples. The large double-peak at 20.8 min is 3-and 2-O-AADPr, respectively. The small broad peak at an earlier retention time between 7-13 min is ADPr. Figure S 4 . pH profile of MacroD1 activity toward OAADPr corrected for any non-enzymatic hydrolysis at higher pH. Activity is relatively constant from pH 6.5 to pH 8.0. . Samples were quenched by 1% TFA after 0, 30, 70, 300, and 1800 seconds as represented by the black, blue, green, teal, and pink lines respectively. Integration allowed for determination of the equilibrium rate constant. Equilibrium was complete in less than five minutes.
Figure S 6.
Forward commitment for MacroD1 with OAADPr as substrate. ♦ Indicates counts measured after correction for background for isotope-trapping experiments (average of 2 experiments). ■ Indicates counts expected in this experiment at 10% forward commitment for comparison. This is calculated based on total amount of 2-[ 3 H 3 ]-acetate expected to be in solution given 10% commitment after correction for background radiation. Figure S 7. MacroD1 assay containing 1 μM MacroD1, 2 mM OAADPr, and 10 mM MgCl 2 . Red is the control reaction with no magnesium; blue and green represent the experimental samples. Samples were reacted at 25ºC for 0, 15, and 30 minutes before an aliquot was taken, quenched with 1% TFA and flash frozen until HPLC analysis. HPLC peak integration was used to calculate product and substrate concentration. Title Card Required 0 1 C -2.35724800 -1.27787900 0.24350300 C -2.79847800 -0.26557000 -0.81322800 C -3.58863200 0.74120000 0.03488500 C -3.62138500 -1.34113700 1.10111700 O -4.19280800 -0.03737500 1.06990800 O -1.30775800 -0.74435800 1.06073900 C -0.03977300 -1.10810800 0.78539800 O 0.26412400 -1.75520400 -0.19587400 C 0.91513200 -0.62587800 1.83432800 H 0.49159300 -0.77705100 2.82793300 H 1.10017900 0.44239700 1.68984600 H 1.85596500 -1.16683600 1.73248900 H -3.50153000 -0.78934000 - Title Card Required -1 1 C 1.98624100 -0.23738300 -0.15233300 C 3.10921700 0.73587500 0.23660300 C 4.32273300 -0.18770700 0.39610800 C 2.77585000 -1.28643100 -0.95921400 O 3.96942900 -1.43177700 -0.20658200 O 1.02873500 0.47748000 -0.86912000 C -0.29238300 -0.39541900 -1.09867800 O -0.24644100 -1.55304600 -0.83929600 C -1.23595200 0.41108600 -1.91364100 H Figure S 9 . Model generated to investigate the possible 1-hydrolysis mechanism included diphosphoacetyl-ribose and one water molecule. In this model, the water molecule is proposed to directly attack the ribose C1. KIEs for this model do not match well with the experimental values compared below. 
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